We aimed to measure gastric antral cross-sectional area with ultrasound and estimate the gastric volume of 300 patients before unplanned surgery, fasted for at least six hours. 
Introduction
The main cause of mortality directly attributed to general anaesthesia in France in 1999 was pulmonary aspiration of gastric contents [1] , the rate of which with unplanned surgery was 4.5 times the rate with planned surgery [2] . Fasting for at least six hours before elective surgery is recommended to decrease gastric volume to a 'safe' amount [3, 4] . Stomach emptying may be delayed in patients awaiting unplanned surgery due to stress, pain or opiate analgesia and therefore they may have more gastric contents after a six-hour fast than elective patients [5] [6] [7] [8] [9] . It is not known whether prolonged fasting before unplanned surgery can reliably reduce gastric contents [4] . Consequently, there is conflicting advice on whether to induce anaesthesia and intubate the trachea in rapid sequence irrespective of fasting time [5, 10] .
Ultrasound allows gastric content to be seen and its volume estimated reliably [11] [12] [13] [14] [15] . Our primary objective was to use ultrasound to measure gastric antral cross-sectional area and estimate gastric volume in patients before unplanned surgery after at least a six-hour fast.
Methods
The local hospital ethics committee approved this prospectively registered study. Adults who gave informed consent before unplanned surgery in SaintEtienne University Hospital, May 2014 to January 2016, participated in this study. Participants were ≥ 18 years. We did not study patients with: gastroesophageal reflux; hiatal hernia; active gastric or duodenal ulcer; upper gastrointestinal bleeding; vagal denervation; extrinsic gastric compression; subocclusive syndrome or infiltrating processes like scleroderma or amyloidosis; medullary lesions above T10, rumination syndrome or Shy-Drager syndrome; and pregnant women more than 15 weeks' gestation.
One of seven anaesthetists, who had previously performed at least 24 similar scans, measured the ultrasonographic anteroposterior and craniocaudal diameters of the gastric antrum with unpremedicated semi-recumbent participants, lying with their back propped up at 45°(ultrasound machine LOGIQ e, 2-5 MHz, General Electrics; Fairfield, CT, USA) [16] [17] [18] . We referenced measurements to the abdominal aorta or inferior vena cava, left hepatic lobe and superior mesenteric vessels. We estimated the antral area (cross sectional area, CSA) as the product of the diameters and p, divided by four. We used the median of three CSA measurements (mm 2 ) to estimate the gastric volume (ml): where the participant's age, height, weight and ASA physical status are 'years', 'cm', 'kg' and 'ASA', respectively, restricted to BMI 14-31 kg.m À2 [12, 17] . We analysed the median of three area measurements as a continuous variable and categorised by a threshold of 410 mm 2 , proposed as one definition for a 'full stomach', which corresponds to a gastric volume 0.8 ml.kg À1 [17] . We recorded pre-operative patient characteristics, including comorbidities, the type of surgery, doses of administered tramadol and morphine, fasting time, and pain, nausea or vomiting if present within 6 h of ultrasound examination. We recorded peri-operative pulmonary aspiration and postoperative rates of pneumonia, hypoxaemia, bronchospasm, mechanical ventilation and the diagnosis of acute respiratory distress syndrome (ARDS). We told the anaesthetist the gastric volume, after which he or she was free to choose anaesthetic Figure 1 The distribution of gastric antral cross-sectional areas measured in 263 participants before unplanned surgery, after at least six hours of fasting. agents and whether to use a rapid anaesthetic induction technique.
In a pilot study, the antral cross-sectional areas exceeded 410 mm 2 in 3/17 participants, from which we assumed a population rate of 17%. A sample of 217 participants would be expected to include 37 with antral areas greater than 410 mm 2 , a rate (95%CI) of 17% (13-23%). We decided to recruit 300 participants. We used univariate logistical regression to identify variables present in more than 3% of samples that associated with gastric cross-sectional area at p < 0.20, which we retained in a multivariate model if p < 0.05. We used adjusted R 2 to determine the inclusion of variables in multivariable regression. We used SASWindows â (Version 9.4, SAS institute Inc., Cary, NC, USA) for analyses.
Results
We were able to measure gastric antral cross-sectional area in 263/300 (88%) participants ( , from which the patient did not experience any sequelae.
Discussion
We measured gastric area in patients fasted for a median of 16 h before unplanned surgery, 35% of which exceeded 410 mm 2 , a value that has been used to categorise a 'full stomach'. We were unable to see the gastric antrum on ultrasound in 12% of participants, more than previous series, perhaps because of operator inexperience, patient obesity, distress due to pain or ileus [16, 17, 19] . Stress, acute pain and opiates, common in patients presenting for unplanned surgery, delay gastric emptying and might contribute to inadequate ultrasound imaging [6, 7, 20] . Obesity has been associated with greater gastric volumes in some studies [2, 14, 20] , but not in others [21, 22] . The association may be that large people have large stomachs, rather than delayed emptying. We did not power our study to investigate an association of gastric volume with diabetes, which delays gastric emptying [9, 12, 13, 23] .
We inferred gastric volume from the area of ultrasound images: the relationships between area, volume and risk of regurgitation and subsequent aspiration need further research. It is unclear whether such a relationship is linear and whether it is best normalised to body mass, such as 0.8 ml.kg À1 or 1.5 ml.kg
À1
, or some other measure of body size [17, 24, 25, 26] . Studies in monkeys may be inapplicable to humans [25] . Gastric volumes > 1.6 ml.kg À1 have not been associated with aspiration, although in that study only 7 of 200 elective patients had volumes > 0.8 ml.kg À1 [26] .
The qualitative evaluation of gastric emptying might reduce problems associated with single-measurement thresholds, but some entail moving position, which would have been too painful for some of our patients, Figure 2 The distribution of gastric volume estimated for 263 participants before unplanned surgery, after at least six hours of fasting.
for instance those with fractured hips [26] . Factors other than gastric volume affect the risk of regurgitation, the risk of aspiration and then the risk of pulmonary damage, for instance acidity, particles and their size [26] . We have shown that the duration of pre-operative fasting cannot be used as a surrogate for gastric area and by inference, volume. One would have to measure gastric volume if it is to influence peri-operative management, such as securing the airway and anaesthetic induction. Further research might elucidate whether measurements of gastric volume can reduce pulmonary aspiration through changes in anaesthetic practice.
